INTRODUCTION
The fetal alcohol syndrome (FAS) is a specific pattern of altered growth, performance, and structure resulting from prenatal exposure of the developing fetus to alcohol [Lemoine et al., 1968; Jones et al., 1973] . Although a number of investigators have set forth specific criteria necessary for diagnosis of FAS, four publications are of most importance relative to this issue [Stratton et al., 1996; Astley and Clarren, 2000; Chudley et al., 2005; Hoyme et al., 2005] . Despite some differences that exist among them, all four of the previously published guidelines require growth deficiency and microcephaly, as well as alterations in facial development including short palpebral fissures, a smooth philtrum, and a thin vermillion border of the upper lip for diagnosis of this disorder. Strict adherence to these guidelines may be necessary for diagnosis of FAS. However, it is likely that prenatal exposure to alcohol leads to a much broader spectrum of defects referred to as fetal alcohol spectrum disorders (FASD) . Although the phenotype of FAS, the most severe end of the spectrum, has been well-characterized, the structural defects that are associated with the broader spectrum of defects (FASD) have not been well described.
The purposes of this study are to: (1) describe the frequency of a number of specific minor structural defects that are thought to occur more often in children with prenatal alcohol exposure but are not part of the constellation of features required for diagnosis of FAS, (2) to compare the frequency of these additional specific features among children who do and do not have some or all of the key features of FAS, and (3) to determine if the number of these additional features varies by age, sex, or race of the child. Ultimately, this will be important in establishing the full range of structural anomalies resulting from prenatal exposure to alcohol.
Only by documenting the full spectrum of structural defects that constitute FASD will it be possible to fully appreciate the true incidence of problems that alcohol imposes on the developing human fetus, a requirement for developing and carrying out programs to prevent it.
MATERIALS AND METHODS Study Population
This study was part of the Collaborative Initiative on fetal alcohol spectrum disorders (CIFASD). The CIFASD is an international consortium of basic science and clinical investigations sponsored by the U.S. National Institute of Alcohol Abuse and Alcoholism (NIAAA) and focused on addressing critical questions regarding the prenatal effects of alcohol. As part of the CIFASD, a Dysmorphology Core was established to assure accurate and consistent diagnosis of FAS in children at all consortium sites through implementation of a standard protocol based on documentation of the clinical phenotype of FAS. Children at these sites were ascertained using a variety of methods including cross-sectional, retrospective, and prospective study designs.
As of 2009, 841 children from 10 consortium sites (Atlanta, GA; Buffalo, NY; Los Angeles, CA; Plains States of the US; San Diego, CA; Rome, Italy; Moscow, Russia; Helsinki, Finland; Cape Town, South Africa; and Rivne, Ukraine) were examined by at least one of us (HEH, LKR, MdelC, MAM, and/or KLJ) . Of these, 831 examinations had complete information on the additional features. The study was prospectively reviewed and approved by Human Subject Protection Programs at all participating clinical sites and at the University of California (San Diego).
Dysmorphology Assessment
A structured protocol was used for assessment of specific dysmorphologic features that constitute FAS. Palpebral fissure length (PFL) was measured with a rigid ruler marked in millimeters. Occipital frontal circumference (OFC) was measured by a cloth measuring tape. Height and weight were also measured. Agespecific centiles for height, weight, OFC, and PFL were determined using previously published charts (Kuczmarski et al., 2000; Thomas et al., 1987; Tanner, 1978; Nelhaus, 1968) . The morphologic characteristics of the upper lip and philtrum were assessed and scored with the lip/philtrum guide described by Astley and Clarren [2000] . Likert scale scores between 1 and 5 were assigned for the thinness of the vermilion border of the upper lip and the flatness/ smoothness of the philtral ridges, with higher scores indicating greater thinness or flatness/smoothness. Scores of 4 or 5 for each scale were considered to be consistent with FAS.
Children were given a preliminary diagnosis solely on the basis of key facial features (PFL 10th centile, a smooth philtrum, a thin vermilion border, microcephaly (OFC 10th centile), and growth deficiency (height and/or weight 10th centile). In addition to the diagnosis of FAS, children could be classified in a ''Deferred'' group if they had features suggestive of FAS but that were insufficient to meet the specific diagnostic criteria. Specifically, children were classified as Deferred if they had only one of the key facial features necessary for diagnosis of FAS, or if they had growth deficiency and microcephaly, or if they had either growth deficiency or microcephaly and one of these specific additional features that are not part of the constellation of features required for diagnosis but occur more frequently in children prenatally exposed to alcohol.
Those additional features, set forth by Hoyme et al., include a ''railroad track'' configuration of the ears (see Fig. 1 ), ptosis of the eyelids, a ''hockey stick'' palmar crease (see Fig. 2 ), other palmar crease abnormalities, lack of complete extension of one or more digits, decreased supination/pronation at the elbows, other joint contractures including inability to completely extend and/or con- tract at the hips, knees, and ankles, as well as a heart murmur [Stratton et al., 1996] . Assessment of these additional features was subjective in some cases. For example, a goniometer was not used to specifically determine the degree of joint contractures, incomplete extension of one or more digits, or decreased supination/pronation at the elbows. With respect to palmar creases, any deviation from the usual three deep creases on the palm was categorized as ''other palmar crease abnormality.'' Children who did not meet the criteria for either the FAS or Deferred group were classified into a ''No FAS'' group.
Statistical Analysis
All statistical analyses were performed in SPSS (Release 15.0.1.1, Version 17.0; SPSS, Inc. (Chicago, IL), 1989 -2006 and SAS Release 9.1, SAS Institute, Inc., Cary, NC, 2002 -2003 . The frequency of specific features (present or absent) and number of features (0, 1, 2) were compared between children in the three categories: FAS, Deferred, and No FAS using chi-squared or Fisher's exact test as appropriate. For comparison of the number of features by race, cells that contained fewer than 15 subjects resulted in exclusion of that stratum from the analysis. For the comparison of number of features by age, a cutoff of 12 years of age was used in order to account for changes in structure that occur as a result of the adolescent growth spurt.
RESULTS
The number of children by site and by category (FAS, Deferred, No FAS) for the 831 children in the sample is shown in Table I . Of the 244 subjects classified as Deferred, 25 (10%) were so classified because they had either growth deficiency or microcephaly and one of the specific eight additional features. Those 25 subjects were excluded from further analysis in order that the definition of each of the categories not include the presence or absence of one of the features that are being investigated. The racial distribution of subjects is as follows: Native American or Alaskan Native
The prevalence of each of the eight specific additional features for the three FAS categories is shown in Table II . For seven of the eight additional features, there was a ''dose-response'' relation with FAS category (P < 0.05), with the children in the FAS group having the highest prevalence of each feature and those in the No FAS group having the lowest prevalence. Only ''other joint contractures'' showed no such association.
As shown in Table III , sex of the child was not a significant predictor of number of additional structural defects (0, 1, 2) in either the FAS, Deferred, or No FAS groups (P > 0.05).
As is shown in Table IV , a statistically significant difference in the number of additional features was noted in children 12 years of age versus children <12 years of age in the FAS and Deferred groups but not in the No FAS group.
Due to the requirements for minimum cell size, the comparison by race included only White and Cape Colored groups. As shown in Table V, in the FAS group, significantly more children of White race had more additional features than Cape Colored Children (P < 0.05), whereas there was not a statistically significant relation between race and number of features in the Deferred and No FAS groups.
It is possible that for some of the additional features, particularly those that required a subjective judgment, two examiners might not agree to categorize the feature as present or absent. For 310 children in the study, two examiners evaluated the child. Interrater reliability in those cases was excellent (kappa statistic <0.001). However, there was not 100% concordance (data not shown). To address this issue, the data set was restricted to the 327 children seen by the same examiner (K.L.J.) and the analysis repeated. Results were essentially the same (data not shown).
DISCUSSION
These data document the frequency of a number of specific structural defects that have not traditionally been considered It is important to note that Autti-R€ am€ o et al. [2007] analyzed a similar group of structural defects in 77 older children and adolescents with FASD in Finland. They found an increased frequency of the same structural defects as noted in this larger sample, with the exception of railroad track configuration of the ear. The data from the 77 Finnish children in that study were included in the present analysis.
It is of particular interest that four of the seven additional features that were associated with the FAS category, including decreased elbow pronation/supination, decreased finger extension, ''hockey stick'' palmar crease, and other palmar crease abnormalities, could be related to decreased fetal movement as a result of prenatal alcohol exposure's effect on early brain development. Furthermore, the increased frequency of ptosis noted in the FAS and Deferred groups could be the result of the adverse effect of alcohol on early development of the brain. The increased incidence of heart murmur in children in the FAS and Deferred groups in this study is expected in that cardiac defects have been documented to occur in 5% to as many as 72% of children with FASD [Burd et al., 2007] . In this study, no echocardiogram or other confirmatory tests were performed to document the prevalence of true cardiac defects.
Based on the fact that five of the eight children initially described with FAS had joint anomalies [Jones et al., 1973] , the lack of an increased frequency of ''other joint contractures'' in children with FAS or in the group designated Deferred in this study is of some surprise [Jones et al., 1973] . However, it is important to recognize that in the initial description of FAS, ''other joint anomalies'' was a broad category and encompassed anomalies of the palmar and interphalangeal creases, as well as decreased elbow pronation/ supination and inability to completely extend the fingers. In our study, we evaluated these features individually and found all to occur more frequently in both the FAS and the Deferred groups.
Although sex of the child was not related to number of additional features in this study, the frequency of additional features varied by age at the time of examination and by race of the child in the limited subset available for this analysis. With respect to age at the time of diagnosis, greater number of additional features noted in children 12 years of age in both the FAS and Deferred groups is unexplained. It seems unlikely however that it is the result of factors related to normal structural changes associated with the adolescent growth spurt. It is possible, however, that this is due to some bias at some or all sites in children referred into the study at an older age who might be more likely to be more severely affected and/or to have more extensive physical features.
The significantly increased number of additional structural defects seen in children of White race compared to Cape Colored children is also unexplained. However, these data suggest that prenatal alcohol exposure might lead to a different phenotype based on age and racial background.
Limitations of this study included small sample size for selected race/ethnic groups across age groups and differences in methods for sample selection at each site. There was also variability across sites in the available information on quantity and frequency of prenatal alcohol exposure. In addition, there could be some diagnostic suspicion bias on the part of examiners who may have been more likely to recognize one or more additional features if the child was being examined already exhibited some or all of the key features of FAS. However, the study included a highly structured and systematic method for conducting these examinations across all sites, and examiners were all highly experienced in differentiating these subtle features. Other strengths of this study include the cross-cultural nature of the sample, and the unprecedented number of children with FAS or some features of FAS who were examined in a standard fashion.
A better understanding of the prevalence of these additional structural defects will be important in documenting the full spectrum of physical features that constitute FAS. This can contribute to a better understanding of the developmental pathogenesis of the disorder, while at the same time aid the practicing clinician in appreciating the breadth of features that might indicate that a patient has been affected by alcohol.
